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Bll5iness simulation algorithms A review orm.: modeling lilttall1Jl' illustrates that then: has been considerable work in algonlhm enhancement or bcscess games. In the operations arena. Thevikulwat (1993) propo5<'d a linear SCI of eq uations 10 model production pTQCCS5e5. Gold and Pray (1989) . Gold (1990) . and Gol d ( 1992) develope d models for COSI and prod uct ion funct ions embod ied in business games. Pray and Methc ( 199 1) put forth a mod el for new produc t development with genera lized demand and production functions.
Q uality modeling became popular in the 1990s with the work o f Thavikulwat (1992) .
Mergen an d Pray (1992) . Teach ( 1992 ) . and T each and Sc h..'al1Z (2000) . All ofthcsc authon dCmoDStnllro melhods and algoritluns fOl" moddi ng qual it)' that could be added to c. "'sting or 10 new ! imulluiorlS_
In the Mea of marketing. many aniclI:$ M\'C been wrinen abo ut dmwwl modeling including how 10 model price and eon-price issues. Pray and Gol d ( 1982) investigated the demand robustness of a number ofcommonly used business games. Anick s soon follo.... 'ed by Teach (1984 ) . Gold and Pray (19 84) . Goosen (1986) and Decker. LabBam and Adler (1987 ) that moved the modeling of demand to a higher level. Furth er extensions by Golden ( 1987) . Lambert and Lam bert (1988) and Thnvikulwat ( 1988 Thnvikulwat ( . 1989 ) tested the reliability of various models and raised new issues about how demand $hould be modeled. Market segmen tation wa s addressed forma lly by Teach (1990) . Carvalho (199 1. 1995) and Gold and. PI3Y (1997 . 1998 .
This brie f review shows thaI the leading business game des.igneD have shared their design contri butions .... ith the field. It is also tbe case. bowever.jhat all of the algorithms described in the literature are just mathematical models and. thus ha ve certa in limitations.. Some algorithm s are highly sensitive 10 the starti ng paramet ers selected, Others require the decision variables to be co nstrained in a n arrow range for the simulat ion to behave in • a manner that is consistent with lbcory. Somc moods have discontinuities. w hich can also }ield Wlfeasonable resuhs.
T1lc methodolog y 10 be presented addresses lhc:sc limita tions by offeri ng a relativel y easy ··,isual method" of testing and verif}ing the overal l etfecuveness ofan algorithm and providing insights into where difficulties may arise with actual usage. The drudgery o f hours of mathematical sensi tivity anal ysis can be: avoided by including visualization in the model ing process.
Integrating Visualization Imo the Modeling Process
Vi$Ualization is the rendering of complex clala in a visual image that is understandable for human observers. Tbe ad''mt of computer technology has allo....'ed visualization 10 impac1 a wide ,'ariely of areas from airuaft design to advanced physics. BusillCSSCS are also turning to dedicated software visual ization packages (e.g. OpenV iz8. Visiorw)~} to hel p them understand and assess thei r processes or performance.
Integrating vis ualizatio n into the model ing proc ess is relatively straighrforward . Whil e it is certa inly possib le 10 deve lop the mathemati cal model and visuali zation in separate software packages. it is probably easi est to use an appl icat ion package that permits both. As with any piec e of soft ware, a new user to t he so ftware will hove 10 spend some lime learning both the notebook inlerface and the lanll uage u...d In writt: 1:'1""';on5 and functions. While the notebook imerfece is quite easy. \he language of avai lable commands is vast and can be intimidating . Fortwtately. one can accomplish most anal~by cxploring just the small subset of the language tha t is applicable to I specific problem . The documentation for Mathematic. is well wrinen and illustrated. and additiol13l reference guid es make developing signi ficant lDO<kls possible even for beg inners.
Visua.l Modeling Example.t Wha t follows is 8 de monstration of'rbe visual modeli ng and exploratory tec hniques usin g three dilTerenl deman d model s. In the first tWO cases. visualization is used to bener understand the behavior of the Cobb Douglas and Gold and Pray demand models. In the last case. visual izat ion is used to develop a new C1<lension to the Gol d and Pray demand model that handles cross elastic ities.
Cobb Douglas market demand function : a stable function ....
-ith constant elasticity
The first model analyzed is the Cobb Douglas function. This fwlction was flnl deployed as a wa y to describe production functiorts in microcoonomics but it can be modified easily to fit the demand side. To dcmonstT1l\e the ,iSI,W modeling 3SpC'Cts,"''C .... i ll simulate a simple demand funct ion where price (P) and marketing (M) lU'C the independent variables. and demand (Ql is thc response or dependent variable. Note: the authors arbitrarily scaled Marketing to $1000 units. Designers or users can scale coefficiems either befo~IlSe oflht: demand~uation or through \he scaling coefficient -3" to get the desired le\"el of demand. The plO! sJxM., thai tkmand is maximized at 17.500
and that !he quantity demandcd appean; to beasymptotic to !he x-axis. In \he ne.'(t illUSU1llion. Figure 3 . the diminishing re'lUfm to marketing are dearl~' scm ali we \~. marketing from $200 to $3000 ","hile holding price (Xlll$Wl1 at S2S. 1t is inleRSting to note thaI demand reaches zero and that. for this model. it is possible to gmemte "negative demand~for very smallle\"c1s of marketing, Such an observation is easy Voith 3 visual representation, but might be much more difficult otherwise. One wlI'Ilo look lit sysiens ofmore than tVol) ,-ariables is through three-dimensional plots.
In the Figure 4 . we '"31)' both price and marketing. Figure 4 illUSUlltCS the non--linearity of the: demand ftmClion and the relanve stability of behavior O\"eJ the range. WhaI is interesting to ncMc is that at high prices, over S40. e-.·en !aJl;e dollac expendiltRS in marl.:eting "ill DOl increase demand \'erY much. The Gold and Pra y model can be furth er veri fi ed by using the mod eli ng prog ram to calculate the arc elastici ties for price an d mar keting. Indeed. the line graph roo"," in Figure 1 demonstrates Ihatlhe price elasticities arc consistent with preestablished ranges and expectations. Hi&Jler price elasticities are associated with higher prices. ctll'rip arabus. Howe ver. the model and theory arc in agTttrT\CJIt onlr if the price and marl.:etin 2 values are constnined to be within the relevant ranges sbo "n in Table I . 8l: .. market demand parameters k.
The range of parameters is displayed in Table 4 . Table: 4 Summary and co ncl usions T he purpose of this paper was to demon stra te a visualization technique that is useful to designers of business si mulations. Certainly, th e idea of using visualization to supplement modeling is a simple one. Howe ,·er. the benefits of em ploying visuali zation can be considerable. Three examples were presented 10 demonstrate some ofthc capabilities and benefits o f a ,·isual approach to modeling. In one example. viSUlllizal ion helped id~lify the shortcomingsof lhc Cobb Douglas function as a demand model . Then, the Gold and Pra> demand S)'SlCTII was sho\\n 10 resolve some o f these sbortccmin gs [i.e. allowing the e lasl ieities to "ary) but was demonstrated to be high ly unstable outside the preset paramele~. In the final illustration, visualization was used to create a new exte nsion of an existing model. S peci fically. the Gold and Pray de mand system was enhanced 10 include a new variable (th e rat io of market ing to price ) to account for cross-elast icity effects . The vis ualizat ions sllggest that the interactive effec ts may be readily handl ed by this simple modification to the Gold and . . 
